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P-glycoprotein, livin, and survivin are apoptosis inhibitory proteins. This study was to clarify the correlation
between expression of P-glycoprotein, livin, survivin, and drug resistance in the human gastric cancer
resistant cell line OCUM-2MD3/oxaliplatin. The highly invasive metastatic gastric cancer cell line OCUM-
2MD3 was utilized as experimental material. The oxaliplatin-resistant cell line, OCUM-2MD3/oxaliplatin,
was established by inducing OCUM-2MD3 cells with oxaliplatin. Flow cytometry was employed to analyze the
cell cycle and apoptosis of OCUM-2MD3/oxaliplatin cells. The sensitivity of OCUM-2MD?3/oxaliplatin cells to
drugs was determined using cell counting kit-8 assay. Real-time quantitative polymerase chain reaction and
Western blot analysis were performed to determine the gene and protein expression levels of P-glycoprotein,
livin, and survivin in OCUM-2MD3 and OCUM-2MD3/oxaliplatin cells, establishing the association between
expression of these genes and proteins and drug resistance of OCUM-2MD3/oxaliplatin cells. Gene and
protein expression levels of P-glycoprotein, livin, and survivin were markedly upregulated in OCUM-2MD?3/
oxaliplatin cells relative to OCUM-2MD3 cells. P-glycoprotein and livin expression exhibited a positive
correlation with cisplatin resistance in OCUM-2MD?3/oxaliplatin cells, whereas survivin expression showed
a negative correlation with resistance. The expression levels of P-glycoprotein, livin, and survivin are closely
associated with drug resistance in the human gastric cancer resistant cell line OCUM-2MD?3/oxaliplatin. A
theoretical basis was provided for development of novel therapeutic strategies targeting these molecules and
contributes to enhancing clinical efficacy in gastric cancer patients.
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Gastric Cancer (GC), a widely distributed and
highly prevalent malignancy, ranks as the 3" most
common cancer globally, alongside lung cancer,
liver cancer, breast cancer, and colorectal cancer,
constituting the five major cancer types. According
to the 2020 Global Cancer Statistics report, GC
stands second in terms of new cases added to the
global cancer burden, with its incidence steadily
rising each year. In China, the incidence rate of GC
was reported as high as 41 per 100 000 individuals
in 20201, The progression of GC typically occurs
insidiously, with inconspicuous early symptoms,
leading to diagnostic and therapeutic challenges.
Currently, therapeutic modalities for GC mainly
encompass surgical resection, chemotherapy,
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radiotherapy, and targeted therapy!?. Surgical
resection is commonly employed for the
treatment of early-stage GC; however, it lacks
inhibitory effects on cancer cell metastasis and
local growth. Given the inconspicuous early
symptoms of GC, most patients are diagnosed
during advanced stages of the disease. Although
surgical intervention is an option for treatment,
its efficacy in advanced-stage GC patient’s
remains limited?®. The majority of advanced-
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stage GC patients are prone to experience cancer
recurrence following surgery. Therefore, surgical
intervention alone is insufficient for complete
recovery, necessitating adjuvant chemotherapy
and radiotherapy for treatment!*. Currently, with
the clinical use of chemotherapy agents and the
varying response of patients to these agents due
to differences in individual constitution, some
patients have exhibited decreasing sensitivity to
chemotherapy-induced Drug Resistance (DR)P,
resulting in therapeutic failures. Hence, gaining a
comprehensive understanding of the mechanisms
underlying GC DR and identifying novel
therapeutic targets are of paramount importance
for enhancing the survival rate of GC patients.

Tumor Multidrug Resistance (MDR) refers to
the phenomenon where tumor cells develop
resistance to multiple anticancer drugs when
administered concurrently or alternately, leading
to a great reduction in the therapeutic efficacy
of these agents and impeding the achievement of
anticipated outcomes!®. Furthermore, MDR may
contribute to tumor recurrence and metastasis. For
patients with tumors prone to frequent relapse or
metastasis, MDR substantially diminishes long-
term survival rates. Chemotherapeutic agents for
GC include 5-fluorouracil and cisplatin, which
have demonstrated favorable therapeutic effects!’.
With advances in medical technology, drugs
such as paclitaxel, irinotecan, and oxaliplatin
have been incorporated into clinical treatment
regimens for GC*?. P-glycoprotein (P-gp), livin,
and survivin are proteins closely associated with
DR, playing pivotal roles in GC. P-gp, a prevalent
transmembrane protein, is widely regarded as a
principal mechanism underlying MDR. Elevated
Expression Levels (ELs) of P-gp in tumor cells
and certain normal tissues are commonly observed,
resulting in reduced therapeutic responses of these
cells to various anticancer drugs!'’l. P-gp facilitates
drug efflux across cell membranes, actively
transporting drugs out of cells, thereby reducing
intracellular drug concentrations and diminishing
their cellular effects!'’. The upregulation of P-gp
often arises as an adaptive response following
prolonged exposure of cells to drugs. Studies
have revealed that mutations in the P-gp gene
or alterations in its EL may contribute to the
development of MDR. To overcome P-gp-mediated
MDR, scientists propose the use of P-gp inhibitors
to suppress its activity, thereby enhancing
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intracellular drug concentrations!!?),  Another
strategy involves designing drugs with structures
distinct from P-gp substrates to circumvent its
efflux function. Livin and survivin are two proteins
capable of inhibiting cell apoptosis. Cell apoptosis
is a normal physiological process that assists the
body in eliminating aging, damaged, or aberrant
cells. However, in GC, the overexpression of livin
and survivin can inhibit cell apoptosis, leading
to aberrant proliferation and survival of tumor
cells. Livin, an anti-apoptotic protein, exerts its
function by interacting with proteins involved
in cell apoptosis, preventing the occurrence of
apoptosis’¥. Notably, livin can interact with
dominant members such as caspases, inhibiting
their activity and thereby suppressing the cascade
of apoptotic reactions'. Survivin is a member
of the inhibitor of apoptosis family and is often
overexpressed in GC cells. Survivin interacts with
apoptotic regulatory proteins like Bcl-2-associated
X protein (BAX) and Smac, preventing their
activation and thus inhibiting cell apoptosis!'™l.
Furthermore, survivin regulates key factors in
apoptotic signaling pathways, such as caspases
and apoptotic kinases, thereby modulating cell
survival and death signals, ultimately promoting
the survival of cancer cells.

In summary, the EL of P-gp, livin, and survivin is
closely associated with DR in GC. A comprehensive
investigation into the functional mechanisms of
P-gp, livin, and survivin in GC can contribute to
unraveling the molecular underpinnings of DR in
this context, thereby offering novel targets and
strategies for the treatment of GC.

MATERIALS AND METHODS
Experimental materials and cell culture:

Human GC highly invasive metastatic Cell
Line (CL) OCUM-2MD3 cells were utilized as
experimental materials. These cells were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM)
with 15 % fetal bovine serum. Cell culture was
maintained at 37° in a humidified atmosphere
containing 5 % Carbon dioxide (CO,). For sub
culturing, 0.25 % trypsin solution containing 0.53
mM Ethylene Diamine Tetra Acetic Acid (EDTA)
was used to digest and passage the cells. During
each passage, cells were seeded at 1x10* cells/well.
To ensure cell viability, timely cryopreservation
was conducted for long-term storage.
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Establishment of OCUM-2MD3/Oxaliplatin
(L-OHP) CL:

Human GC oxaliplatin-resistant CL OCUM-
2MD3/L-OHP was established through induction
with L-OHP treatment on OCUM-2MD3 cells. An
intermittent exposure experiment was employed
using the Half Maximal Inhibitory Concentration
(IC,,)) of L-OHP (1.92 pg/ml) for a 24 h duration.
The experimental procedure was conducted as
follows; logarithmic growth phase cells were
exposed to DMEM culture medium containing 1.92
ug/ml L-OHP. After 24 h of exposure, the culture
medium was discarded; cells were washed three
times with 0.01 mol/l pH 7.4 Phosphate Buffer
Saline (PBS) and subsequently replenished with
fresh culture medium. Upon cellular recovery and
regrowth, the culture medium containing L-OHP
(1.92 pg/ml) was applied again fora24 hincubation.
This cycle was repeated iteratively. During
the induction process, sensitive cells exhibited
gradual cell death, while resistant cells continued
to proliferate; following 6 mo of treatment, cells
were maintained in drug-free culture medium
for a duration of 2 w, after which the stable state
of the half-maximal IC, was assessed using the
Cell Counting Kit-8 (CCK-8) assay and cells
were further cultured in drug-free medium, and
cryopreservation was performed using cell culture
medium containing 10 % Dimethyl Sulfoxide
(DMSO). Post-cryopreservation, IC, values were
reassessed, and the persistence of resistance were
confirmed if the results remained consistent. All
experiments assessing DR were conducted after a
2 w culture period in drug-free medium.

Cell observation of OCUM-2MD3/L-OHP CL:

When the OCUM-2MD3/L-OHP CL was cultured to
logarithmic phase, its morphology was visualized
with an inverted microscope.

Analysis of cell growth cycle and apoptosis of
OCUM-2MD3/L-OHP CL by flow cytometry:

OCUM-2MD3/L-OHP CL was collected and
subjected to flow cytometric analysis. Collected
cells at 1x10°¢ cells/ml were rinsed with PBS and
subsequently fixed overnight in 70 % cold ethanol.
After fixation, cells were washed with PBS, and
10 % chicken red blood cells were added as an
internal reference for analysis. Subsequently,
I ml of 50 mg/l Propidium Ilodide (PI) was
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applied, and samples were incubated at 4° for
staining. Following staining, the samples were
filtered through a 500-mesh copper grid and then
analyzed using flow cytometry to assess cell cycle
progression and apoptosis.

Detection of drug sensitivity of OCUM-2MD3/L-
OHP CL by CCK-8:

Cell sensitivity to the drug was determined
using the CCK-8 assay. OCUM-2MD3/L-OHP
cells cultured in normal cell culture dishes were
digested, collected, and resuspended. Cell counting
was performed by resuspending 10 pl of the cell
suspension, and then cells were seeded into 96-
well plates at a density of >5x10, cells/well, with
approximately 100 ul of cell suspension applied to
each well. Five replicate wells were established.
Cells were cultured adherently in a cell culture
incubator for 4 h. Subsequently, L-OHP was added
to each well at final concentrations of 0.3, 0.6,
1.25, 2.5, 5, 10, and 20 pg/ml. Equal volumes of
PBS were applied to designated wells as control
groups, while wells without any substance added
served as the blank group. The 96-well plate was
then cultured in the cell culture incubator for
24 h. Following incubation, the supernatant was
removed, and 10 pl of CCK-8 solution was applied
to each well. The plate was then returned to the
incubator and incubated for an additional 30 min
for enzymatic reaction. Absorbance was measured
at Optical Density (OD) (450-490) nm employing
a microplate reader. After measurement, the plate
was returned to the incubator for further incubation,
and absorbance values were subsequently
measured at 30 min intervals for a total of 6 times.
The calculation equations are as follows:

Inhibition rate=(1-A
% (1)

RI=IC

50(resistant cells)

Detection of DR in OCUM-2MD3/L-OHP CL:

)x100

medication group cell control group

/1C (2)

50(parental cells)

A cell suspension with a density of 5x10* cells/ml
(200 pl) was applied to each well of a 96-well plate.
Subsequently, culture media containing seven
chemotherapeutic agents, namely L-OHP, CBDCA,
ADM, CDDP, 5-Fu, GEM, and IH, were applied
to the culture wells. The final concentrations of
these drugs in the medium were set as follows; 5.0,
680.0, 6.0, 13.0, 40.0, 66.0, and 74.0 pg/ml, with
each concentration tested in five replicate wells.
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The experimental procedure followed the same
steps as described in the aforementioned CCK-8
assay.

Western blot analysis:

Protein collection was as follows; OCUM-2MD3
and OCUM-2MD3/L-OHP cells were lysed using
a cell lysis buffer containing 20 mM Tris (pH
7.5), 150 mM Sodium chloride (NaCl), and 1 %
Triton X-100. Protein extraction of P-gp, livin,
and survivin from cells was implemented using a
protein extraction kit (PROTTOT-1KT), following
the manufacturers protocol rigorously.

The tumor-related proteins extracted in the
previous step were loaded onto polyacrylamide
gel electrophoresis gels. Each well was loaded
according to concentration, with a minimum of
40 pg of protein per well. After electrophoresis,
the gel was transferred onto a membrane, followed
by membrane washing (3xTris Buffered Saline
Tween-20 (TBST)). Subsequently, the membrane
was blocked using 5 % skim milk, and then
incubated with primary antibodies against
P-gp, livin, and survivin at 4°. After incubation,
membrane was rinsed (3xTBST) and incubated
with a secondary antibody labeled with horseradish
peroxidase at room temperature. Following further
washing, infrared detection was applied to the
membrane, and the grayscale values were analyzed.

Data collection and analysis:

The data from this experiment were organized
using Microsoft Excel, and subsequent analysis
was conducted using Statistical Package for
the Social Sciences (SPSS) 22.0. Results were
presented as meanzstandard deviation. Inter-group
comparisons were performed using a t-test, with
statistical significance set at p<0.05.

RESULTS AND DISCUSSION

Observation of OCUM-2MD3 and OCUM-2MD3/
L-OHP cells was conducted using an inverted
microscope. When cultured in suspension, both
CLs displayed a rounded morphology, with
drastic variations in cell size. Under adherent
conditions, the cells exhibited a spindle-shaped
morphology, arranged in a monolayer within the
culture dish. Transmission electron microscopy
revealed that OCUM-2MD3 CL exhibited normal
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organelle morphology and distinct nuclei, whereas
the OCUM-2MD3/L-OHP CL displayed evident
apoptotic changes. The surface microvilli of
OCUM-2MD3/L-OHP cells were reduced in length
and density. Numerous vacuoles were observed
in the cytoplasmic matrix, and ribosomes were
observed to detach from the rough endoplasmic
reticulum.

Under normal culture conditions, relative to
OCUM-2MD3 CL, the OCUM-2MD3/L-OHP CL
exhibited a distribution of cells in the cell cycle
phases as follows; (69.34+5.23) % in GO/G1 phase,
(13.56+2.36) % in S phase, and (17.53+£4.15) % in
G2/M phase. Following a 24 h culture in L-OHP-
containing medium, a distinct shift in cell cycle
distribution was observed in the OCUM-2MD3/
L-OHP CL vs. cells cultured in normal medium.
A notable reduction in cells in GO0/G1 phase
[(49.24£2.68) % vs. (69.34+5.23) %, p<0.05], a
notable increase in cells in S phase [(28.02+2.35)
% vs. (13.56£2.36) %, p<0.05], and an elevated
proportion of cells in G2/M phase [(22.63£2.19)
% wvs. (17.53%£4.15), p<0.05]. In comparison to
the CL cultured in normal medium, the OCUM-
2MD3 CL exhibited a distinct alteration in cell
cycle distribution. A considerable decrease in cells
in GO/G1 phase [(25.63£3.26) % vs. (50.24+4.37)
%, p<0.05], a notable increase in cells in S phase
[(58.52+4.24) % wvs. (42.62+3.26)%, p<0.05],
and a similar elevation in the proportion of cells
in G2/M phase [(7.03£1.24)% vs. (7.03+£1.24),
p<0.05] as shown in fig. 1.

The apoptotic rates of both CLs were observed
after 24 h of culture in L-OHP containing medium.
The results revealed that, in comparison to the CL
cultured in normal medium, both CLs exhibited
an increase in apoptotic rates. Notably, the
apoptotic rate of the OCUM-2MD3/L-OHP CL
was notably inferior to that of the OCUM-2MD3
CL [(27.24+1.24) % vs. (36.62+1.35) %, p<0.05]
as shown in fig. 2.

Testing with varying concentrations of L-OHP
revealed that higher concentrations of L-OHP
markedly enhanced the growth inhibition of both
OCUM-2MD3 and OCUM-2MD3/L-OHP CLs.
Additionally, it was observed that at the same
concentration of L-OHP, the growth inhibition
rate was lower for the OCUM-2MD3/L-OHP CL
versus the OCUM-2MD3 CL as shown in fig. 3.
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Fig. 1: Comparison of cell growth cycles between OCUM-2MD3 and OCUM-2MD3/L-OHP CLs, (A): Cultured in normal medium
and (B): Cultured in medium containing L-OHP
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Fig. 2: Comparison of apoptosis rates between OCOM-2MD3 and OCOM-2MD3/L-OHP CLs
Note: *p<0.05 vs. those cultured in normal culture medium and *p<0.05 vs. OCUM-2MD3/L-OHP CL, ([_]): Normal culture
medium and (2 ): L-OHP containing medium
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Fig. 3: Comparison of sensitivity of OCOM-2MD3 and OCOM-2MD3/L-OHP CLs to L-OHP
Note: *p<0.05 vs. OCUM-2MD3 CL, ( —=— ): OCUM-2MD3/L-OHP and (= *~ ): OCUM-2MD3
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Based on the calculation, the IC, values of OCUM-
2MD3 and OCUM-2MD3/L-OHP CLs for L-OHP
were determined to be 2.02 pg/ml and 8.63 pg/ml,
respectively. Therefore, the RI of OCUM-2MD3/
L-OHP CL was calculated to be 4.77 as shown in
fig. 4.

The resistance rates of two CLs were assessed using
a culture medium containing seven chemotherapy
drugs; L-OHP, CBDCA, ADM, CDDP, 5-Fu, GEM,
and IH. The results revealed that the inhibitory
rates of all chemotherapy drugs were markedly
higher for the OCUM-2MD3 CL vs. OCUM-
2MD3/L-OHP CL. The parent CL exhibited
resistance to IH, and the OCUM-2MD3/L-OHP
CL demonstrated strong resistance to L-OHP.
Moreover, the sensitivity of OCUM-2MD3/L-OHP
cells to CBDCA, ADM, CDDP, 5-Fu, GEM, and
IH chemotherapy drugs was markedly reduced.

104

ICS0/uM

OCUM-2MDJIL-OHP

Notably, the OCUM-2MD3/L-OHP CL exhibited
cross-resistance to CBDCA, 5-Fu, GEM, and IH
drugs as shown in fig. 5.

The results revealed that, when cultured in normal
medium, the EL of P-gp in OCUM-2MD3/L-OHP
CL was greatly superior to that in OCUM-2MD3
CL. The EL of livin showed no considerable
difference between two CLs. However, the EL of
survivin in OCUM-2MD3/L-OHP CL was notably
inferior to that in OCUM-2MD3 CL. After 24 h
of culture in L-OHP-containing medium, both CLs
exhibited reduced ELs of P-gp, livin, and survivin.
In OCUM-2MD3/L-OHP CL, the ELs of P-gp
and livin remained markedly higher than OCUM-
2MD3 CL, while the EL of survivin was notably
lower in OCUM-2MD3/L-OHP CL relative to
OCUM-2MD3 CL as shown in fig. 6-fig. 8.

OCUM-2MD3

Cell line

Fig. 4: IC_ values of OCUM-2MD3 and OCUM-2MD3/L-OHP CLs

o 120,
?._;100-
S 80- 7
- 717 _I*_// ?
= 60l ) T/
.§60_ %*ﬁ/ ? %*%* .
N OO a0
= 20 *? % ? % ?
S JCAl Y Al | 7
L-OHP CBDCA ADM CDDP 5Fu GEM IH
Chemotherapeutics

Fig. 5: Inhibitory rates of various chemotherapeutic drugs on OCUM-2MD3/L-OHP CL
Note: *p<0.05 vs. OCUM-2MD3 CL, ([__]): OCUM-2MD3/L-OHP and (27 ): OCUM-2MD3
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Fig. 6: Comparison of ELs of P-gp between two CLs
Note: *p<0.05 vs. those cultured in normal culture medium and #p<0.05 vs. OCUM-2MD3 CL, ( 1 ): Normal culture medium
and (2222 ): L-OHP containing medium
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Fig. 7: Comparison of ELs of livin between two CLs

Note: *p<0.05 vs. those cultured in normal culture medium and #p<0.05 vs. OCUM-2MD3 CL, ( —1 ): Normal culture medium
and (24 ): L-OHP containing medium
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Fig. 8: Comparison of ELs of survivn between two CLs
Note: *p<0.05 vs. those cultured in normal culture medium and #p<0.05 vs. OCUM-2MD3 CL, ([__]): Normal culture medium
and (ZZ4): L-OHP containing medium
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Despite great advancements in recent decades,
the treatment of GC continues to face numerous
challenges. MDR is a phenomenon frequently
observed after prolonged chemotherapy, leading to
refractory cancers and tumor recurrence. MDR in
patients can be categorized into two types; inherent
resistance to specific drugs and acquired resistance
that develops during chemotherapy. Studies have
indicated that functional proteins in the cell
membrane and nuclear envelope undergo aberrant
expression in MDR patients. Furthermore, certain
proteins or enzymes within the cytoplasm and
nucleus experience altered expression and activity,
potentially triggering the activation of oncogenes
or causing tumor suppressor genes to lose their
function, ultimately leading to overexpression of
anti-apoptotic genes!!¢l,

P-gp, encoded by the human ABCBI1 gene, is
an efflux transporter protein belonging to the
Adenosine Triphosphate (ATP)-binding cassette
membrane transporter superfamily. It is intricately
linked to the pharmacokinetics of various
compounds. Research has revealed elevated ELs
of P-gp in multiple normal tissues, including
the apical membrane of proximal tubules in the
kidney!”!. The functions of P-gp encompass include
restricting the absorption of orally administered
drugs from the intestine into systemic circulation,
limiting drug penetration through the blood-
brain barrier, and facilitating the hepatic, biliary,
and renal excretion of drugs!'®l. These activities
are reliant on the hydrolytic energy of ATP and
constitute an active, energy-consuming process.
P-gp exhibits broad substrate specificity, capable
of transporting diverse chemically distinct drugs,
including antibiotics, anticancer agents, hormones,
and antiepileptic drugs, among others!'). The
EL of P-gp is associated with tissue and cellular
metabolism, proliferation, and differentiation
functions. It has the potential to alleviate caspase-
dependent apoptosis induced by death receptor
Fas-Ligand (Fas-L), radiation, and Tumor Necrosis
Factor (TNF), suggesting a close correlation
between P-gp and cellular apoptosis mechanisms.
In this study, after administering L-OHP to
OCUM-2MD3/L-OHP and OCUM-2MD3 CLs for
24 h, a decrease in P-gp expression was observed
in both CLs, accompanied by evidence of tumor
cell apoptosis. These findings suggest that
inhibiting P-gp expression can promote tumor cell
apoptosis. Furthermore, it was noted that the EL

1699

Indian Journal of Pharmaceutical Sciences

of P-gp in OCUM-2MD3/L-OHP CL was higher
versus OCUM-2MD3 CL, and the apoptotic rate
in OCUM-2MD3/L-OHP cells exposed to L-OHP
was notably inferior to that of OCUM-2MD3 cells.
According to this study and previous studies,
elevated levels of P-gp can inhibit tumor cell
apoptosis. This aligns with the findings of Jiang
et al.®’, who demonstrated that reducing P-gp
expression in tumor cells enhances the sensitivity
of GC cells to chemotherapy drugs.

Livin, an apoptosis inhibitor protein, can bind to
caspases, thereby inhibiting caspase activity and
subsequently blocking the transmission of the
Fas/Fas-L signaling. This inhibition of apoptotic
processes leads to abnormal cell numbers and
contributes to tumorigenesis. In the study by
Chung et al.?Y, it was demonstrated that livin
promotes proliferation of ovarian cancer cells by
activating the transcriptional co-activator YAP,
a critical component of the Hippo signaling.
This suggests a role for livin in the growth and
invasion of cancer cells both in vitro and in vivo.
Other research has indicated that knockdown of
the livin gene may result in decreased levels of cell
cycle proteins cyclin D1, cyclin-dependent kinases
4 and 6, and increased EL of p21 and p27, inducing
cell cycle arrest. Additionally, livin knockdown
can inhibit the ERKI1/2 and JNK pathways,
implying an upregulation of Livin at both mRNA
and protein levels in cancerous tissues!??. In this
study, it was observed that both OCUM-2MD3/L-
OHP and OCUM-2MD3 CLs exhibited EL of livin,
with similar levels of expression in both CLs. This
suggests a potential role of the livin gene in the
mechanism of MDR in OCUM-2MD3 cells. In a
study focusing on the prognosis of stage I1b GC, it
was indicated that modulation of livin expression
could enhance apoptosis in GC cells. Following 24
h treatment with L-OHP in both OCUM-2MD3/L-
OHP and OCUM-2MD3 CLs, the results revealed
a remarkable increase in apoptotic rates in both
CLs, consistent with the findings reported by Qi
et al.®®. The EL of livin in OCUM-2MD3/L-OHP
cells was greatly superior to OCUM-2MD3 cells,
and the apoptotic rate was also markedly reduced.
This suggests that upregulation of livin expression
may inhibit apoptosis in GC cells. While no marked
difference was indicated in livin expression
between the drug-resistant CL and the parental
CL under normal culture conditions, livin ELs
markedly increased in the drug-resistant CL after
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treatment with L-OHP-containing medium. This
elevation in livin expression might be attributed
to the higher EL of P-gp in OCUM-2MD3/L-OHP
cells, which could lead to reduced intracellular
levels of L-OHP. As a result, the EL of livin was
not suppressed, potentially contributing to an
elevated level of livin expression within the cells.

Survivin is also a member of the apoptosis
inhibitor protein family; however, survivin is
scarcely detectable in normal tissues except for
placenta, thymus and germ cells. Nevertheless,
it is found to be overexpressed in all malignant
tumors. Survivin can inhibit apoptosis and promote
cell proliferation, and its anti-apoptotic function
appears to be linked to caspases!>). Survivin ELs
were examined in drug-resistant and parental CLs
without exposure to L-OHP-containing medium. In
comparison to OCUM-2MD3 cells, EL of survivin
was markedly reduced in OCUM-2MD3/L-OHP
cells, suggesting an association between survivin
and the mechanism of multi-DR in OCUM-2MD3
cells. In a study investigating DR in osteosarcoma,
it was found that survivin expression was markedly
elevated in tumor tissues of chemoresistant
osteosarcoma patients compared to chemo sensitive
patients. Additionally, the knockout of survivin
in osteosarcoma cells markedly inhibited cell
proliferation and chemo resistance both in vitro
and in vivo, indicating that survivin expression
contributes to DR in osteosarcomal>?¢!, In this
study, the apoptosis rate of OCUM-2MD3/L-OHP
cells was greatly superior to OCUM-2MD?3 cells,
indicating that low levels of survivin can promote
apoptosis in GC cells. Research has shown that
overexpression of survivin can induce the transition
of the cell cycle to the S phase, while knocking out
the survivin gene can induce cell cycle arrest and
apoptosis?”l. Following treatment with L-OHP for
24 h in both CLs, the EL of survivin decreased
in both CLs, accompanied by a notable increase
in apoptosis rate. This finding further supports the
notion that low levels of survivin can enhance cell
apoptosis. This phenomenon may also be related
to the elevated EL of P-gp; the high intracellular
EL of P-gp could lead to reduced levels of L-OHP
within the cells, thereby diminishing the inhibitory
effect on the survivin gene and consequently
suppressing apoptosis.

The above findings indicate a close association
between the upregulation of P-gp, livin, and survivin
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expression and the DR of human GC CL OCUM-
2MD3/L-OHP. P-gp functions by increasing
the efflux of platinum-based chemotherapeutic
agents from cells, leading to insufficient drug
accumulation within the cells and consequently
enhancing DR. The elevated EL of livin and
survivin may contribute to DR by inhibiting
apoptosis, promoting tumor cell proliferation,
and enhancing cell survival. This contributes to a
deeper understanding of underlying mechanisms
of GC development and offers potential targets for
novel therapeutic strategies.

The notable upregulation of P-gp, livin, and
survivin expression is closely associated with
the DR of human GC CL OCUM-2MD3/L-OHP.
A theoretical foundation was laid for finding
novel targeted therapeutic strategies against P-gp,
livin, and survivin, thereby potentially enhancing
clinical outcomes for GC patients. In clinical
practice, considering the ELs of P-gp, livin, and
survivin may aid in predicting patient responses
and resistance to chemotherapy drugs. Further
research will contribute to a deeper understanding
of the mechanistic roles of these molecules in GC
DR.
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